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(57) Abstract 

Assays for the DNA repair protein O^-methylguanine-DNA methyltransferase (MGMT) are provided which employ 
monoclonal antibodies prepared using MGMT having transferase activity, as opposed to denatured MGMT or MGMT 
fragments. The monoclonal antibodies are able to recognize MGMT in single cell preparations (immunohistochemical 
staining assays) and in cell extracts (immunoassays). In connection with immunohistochemical staining, the use of a fluores- 
cent readout coupled with digitization of the eel! image allows for quantitative measures of MGMT levels in, for example, 
tumor biopsy samples. Such quantitative measures can be used to determine which patients are likely to benefit from chem- 
otherapy using alkylating agents since tumor cells having low MGMT levels are more likely to be killed by such agents than 
those with high MGMT levels. 
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ASSAYS FOR O -METHYLGUANINE-DNA METHYLTRANSFERASS 

FIELD OF THE INVENTION 

This invention relates to the DNA repair proteins ioaown as 

6 

0 -methylguanme-DNA methyltransf erase (MGMT) and, in particular, 

10 to assays for detecting MGMT in a variety of biological 

preparations, including, most importantly, preparations 
containing single cells, e.g., cells fixed to microscope slides, 
BACKGROUND OF THE INVENTION 

The MGMTs (EC 2.1,1.63; also referred to in the art as 

15 O -alkylguanine-DNA alkyl transferases) are DNA repair proteins 

found in most i: ving organisms which transfer alkyl groups from 
the 0-6 positicu of guanine in alkylated DKA to a cysteine 
residue of ^eir own polypeptide chains, thereby becoming 
catalytically inactive. Since each MGMT molecule acts but once, 

20 the repair capacity of a living cell is determined by the number 

of MGMT molecules in a cell at the time of DNA alkylation, and 
the rate of its resynthesis. 

The MGMT levels of living cells are directly correlated with 
the response of those cells to S^2 alkylating agents, such as 

25 the clinically useful anti- cancer chemotherapeutic drug group, 

the chloroethylnitrosoureas . A group of human tumors and cell 
strains have the MER phenotype and are deficient in MGMT 
activity, and these tumors and ceils are extremely sensitive to 
killing by these drugs. 

30 Various reviews of the MGOTs and their activity have 

appeared in the literature, including: DANIEL B. YAROSH, "THE 
6 

ROLE OF O -METHYLGUANINE-DNA METHYLTRANSFERASE IN CELL SURVIVAL, 
MUTAGENESIS AND CARCINOGENESIS", MUTATION RESEARCH - VOLUME 145, 

PAGES 1-16, 1985; ANTHONY E. PEGG, "PROPERTIES OF MAMMALIAN 

6 

35 O -ALKYLGUANINE-DNA ALKYLTRANSFERASE , MUTATION RESEARCH . VOLUME 

233, PAGES 165-175, 1990; and ANTHONY E. PEGG, "MT^MMALIAN 
O^ -ALKYLGUANINE-DNA ALKYLTRANSFERASE : REGULATION AND IMPORTANCE 
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10 



IN RESPONSE TO ALKZUVTING , CARCINOGENIC AND THERAPEUTIC AGENTS", 
CANCER RESEARCH, VOLUME 50, PAGES 6119-6129, 1990, the relevant 
portions of which are incorporated herein by reference. 

Scientists in the field have long recognized that 
measurement of MGm' levels in human tumors would be an important 
contribution to improving chloroethylnitrosourea chemotherapy of 
cancer- For example, M, Watatani , M. Ikenaga, T. Hatanaka, M. 
Kinuta, S. Takai, T. Mori and S. Kondo predicted in 1985 that "If 
the MER phenotype could be detected by some means in biopsy 
specimens, it should be possible to cure this type of malignant 
tumor by appropriate chemotherapy." See "ANALYSIS OF 

N -METHYL -N' -NITRO-N-NITROSOGUANIDINE (MNNG) -INDUCED DNA DAMAGE IN 
TOMOR CELL STRAINS FROM JAPANESE PATIENTS AND DEMONSTRATION OF 
MNNG HYPERSENSITIVITY OF MER' XENOGRAFTS IN ATHYMIC NUDE MICE", 
15 CARCINOGENESIS. VOLUME 6, PAGES 549-553 at 552, 1985. 

Similarly, T, Aida, R. Cheitlin and W. Bodell wrote in 1987: 
"Our results suggest that measurement of O -AT [MGMT] activity in 
human brain tumor biopsy specimens may be a good prognostic 
indicator of clinical resistance to BCNU [a 

20 chloroethylnitrosourea chemotherapy agent]." See "INHIBITION OF 

6 

O -ALKYLGUANINE-DNA ALKYLTRANSFERASE ACTIVITY POTENTIATES 
CYTOTOXICITY AND INDUCTION OF SCEs IN HUMAN GLIOMA CELLS 
RESISTANT TO 1 , 3 -BIS ( 2 - CHLOROETHYL) - 1 -NITROSOUREA" , 

CARCINOGENESIS, VOLUME S, PAGES 1219-1223 at 1222, 1987. 
.^5 Along these same lines, C. Fujio, H.R. Chang, T. Tsujimura, 

K, Ishizaki, H, Kitamura, and M. Ikenaga concluded in 1989 that 
"measurement of ATR [MGMT] activity in biopsy specimens may 
provide a useful guide to predict the response to chemotherapy" 
and, in particular, that "MEr" tumors may be efficiently cured by 
30 treatment with alkylating agents, including ACNU, provided that 

we could detect the MEr" tumors at their early stage of 
development." These authors also point out that about one -fifth 
of human tumor cell strains established in the United States show 
a MER phenotype and that similarly, a MEr" frequency of 15% has 
35 been found in tumor cell lines derived from Japanese patients. 

See "HYPERSENSITIVITY OF HUMAN TUMOR XENOGRAFTS LACKING 

6 

O -ALKYLGUANINE-DNA ALKYLTRANSFERASE TO THE ANTI- TUMOR AGENT 
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1- {4-AMlN0-2-METHyL-5-PyRIMIDINYL) METHYL- 3- { 2 - CHLOROETHYL) - 3- 

NITROSOniREA" , CARCINOGENESIS . VOLUME 10, PAGES 351-356 at 351 and 
355, 1989, 

Prior to the present invention, the most sensitive assay for 
5 MGMT was an activity assay, which measured the transfer of alkyl 

groups from DNA to the MGMT protein. This assay, however, relies 
on collecting fresh samples, and invariably includes irrelevant 
cells along with relevant cells in the extract used for assay. 
For years, it has been recognized in the art that an immunoassay 
10 for MGMT levels in single cell preparations would represent an 

important and essential improvement having great clinical 
relevance . 

Thus, in 1985, Thomas Brent, a leading researcher in this 
field described the problems with activity measurements and the 

15 need for an immxinoassay as follows: "In practice, however, due 

to cellular heterogeneity and necrosis, transferase activity 
measurements in human tumor biopsies are fraught with difficulty. 
The development of an antibody for the human alkyl transferase and 
a cytological immunoassay for the transfer protein in tumor cells 

20 should enable these predictive assays to be achieved, " See 

"ISOLATION AND PORIFICATION OF O^-ALKYLGUANINE-DNA 

ALKYLTRANSFERASE FROM HUMAN LEUKEMIC CELLS, PREVENTION OF 
CHLOROETHYLNITROSOOREA- INDUCED CROSS -LINKS BY PURIFIED ENZYME", 
PHARMACOLOGICAL THERAPEUTICS . VOLUME 31, PAGES 121-139 at 13 8, 

25 1985. 

In view of this clear need for an immunoassay cind, in 
particular, a single cell immtmoassay, stibstantial efforts by a 
variety of groups throughout the world have been made to develop 
antibodies to MGMT. Notwithstanding these efforts, prior to the 

30 present invention, truly useful and practical antibodies to MGMT, 

in particular, monoclonal antibodies, have not been found. As 
discussed below, this failure by the leading groups to satisfy 
this long felt need has resulted from the approaches they took in 
selecting immunizing materials, i.e., the groups did not use MGMT 

35 having transferase activity as their immunizing material. 

Thus, the Bigner/Brent group reported the development of 
monoclonal axitibodies using denatured MGMT, i.e., MGMT which had 
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been purified using poiyacrylamide ~ SDS gels and thus lacked 
transferase activity. The antibodies were only able to recognize 
MGOT after denaturation by SDS and were thus unsuitable for use 
in single cell assays. See M. VON WRONSKI, T. BREOT, C. PEGRAM, 

5 D. SIGNER, "MONOCLONAL ANTIBODIES AGAINST HUMAN 

6 

O -ALKYLGUANINE-DNA ALKYLTRANSFERASE" , PROCEEDINGS OF TTTT? 
AMERICAN ASSOCIATION FOR CANCER RESEARCH . VOLUME 30, PAGE 486, 
19 89; and T. BRENT, M. VON WRONSKI , C. PEGRAM AND D. SIGNER, 
"IMMUNOAFFINITY PURIFICATION OF HUMAN O^ -METHYLGUANINE-DNA 

10 METHYLTRANSFERASE USING NEWLY DEVELOPED MONOCLONAL ANTIBODIES", 

CANCER R ESEARCH . VOLUME 50, PAGES 58-61, 1990. See also, M. VON 
WRONSKI, D. SIGNER AND T. BRENT, "EXPRESSION OF O^ -ALKYLGUANINE - 
DNA ALKYLTRANSFERASE IN MER"^ AND MER' HUMAN CELL EXTRACTS PROBED 
WITH SPECIFIC MONOCLONAL ANTIBODIES", CANCER COMMUNICATTON.q , 

15 VOLUME 1, PAGES 323-327, 1989. 

Around this same time period, the present inventor also 
attempted to develop monoclonal antibodies to MGMT using 
materials which had been partially purified and denatured on 
glass filters. See D. YAROSH AND J. CECCOLI, "MONOCLONAL 

20 ANTIBODIES AGAINST THE HUMAN O^-METHYLGUANINE-DNA 

METHYLTRANSFERASE « , PROCEEDINGS OF THE AMERICAN ASSOCIATION FOR 
CANCER RESEARCH, VOLUME 29, PAGE 1, 1988, Although mouse serum 
containing the antibodies- would recognize MGMT on Western blots, 
i.e., the antibodies would recognize the denatured protein, they 

25 did not recognize the native material. Also, no worthwhile 

hybridomas were obtained from this work, since the antibodies 
which were produced had low affinity and were generally not 
useable . 

After their work with denatured MGMT, the Bigner/Brent group 
3 0 turned to the use of synthetic peptide fragments corresponding to 

different portions of the amino acid sequence of human MGMT to 
produce polyclonal antibodies to MGMT. Specifically, they used 
three fragments corresponding to predicted hydrophilic portions 
of the MGMT molecule and a fourth fragment centered around the 
35 cysteine residue which accepts the alkyl group from alkylated 

DNA. L. OSTROWSKI, C. PEGRAM, M. VON WRONSKl, P. HUMPHREY, X. 
HE, S. SHIOTA, S. MITRA, T, BRENT AND D. SIGNER, "PRODUCTION AND 
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CHARACTERIZATION OF ANTIPEPTIDE ANTIBODIES AGAINST HUMAN 

6 

0 -METHYLGUANINE-DNA METHTLTRANSFERASE" , CANCER RESEARCH VOLUME 
51, PAGES 3339-3344, 1991. 

The best that can be said for this work is that it achieved 
5 mixed results. Thus, all four polyclonal antibodies were able to 

precipitate inactive (methylated) MGMT, two of the four 
recognized MGMT on Western blots, but the other two did not, and 
only one of the four would precipitate native MGMT. No evidence 
is presented in the Ostrowski et al . paper that any of the 

10 antibodies could be used for single cell staining. Moreover, in 

terms of large scale ^ commercial screening of tumor samples, 
polyclonal antibodies are impractical since individual animals 
have different immunological responses to a given antigen. 

Similar results with polyclonal antibodies raised against 

15 synthetic peptide fragments were obtained by Anthony E„ Pegg, 

another leading scientist in the field, and his group. A. E. 

PEGG, I*. WIEST, C. MDMMERT, AND M. E. DOLAN, "PRODUCTION OF 

ANTIBODIES TO PEPTIDE SEQUENCES PRESEOT IN HUMAN 
6 

O -ALKyLGOANINE-DNA ALKYLTRANSFERASE AND THEIR USE TO DETECT THIS 

20 PROTEIN IN CELL EXTRACTS", CARCINOGENESIS . VOLUME 12, NUMBER 9, 

PAGES 1671-1677, 1991; and A. E. PEGG, L, WIEST, C. MOMMERT, L. 

STINE, R. C. MOSCHEL, AND M. E. DOLAN, »»USE OF ANTIBODIES TO 
6 

HUMAN O -ALKYLGUANINE-DNA ALKYLTRANSFERASE TO STUDY THE CONTENT 
OF THIS PROTEIN IN CELLS TREATED WITH -BENZYLGUANINE OR 
25 N- METHYL- N ' -NITRO-N-NITROSOGUANIDINE", CARCINOGENESIS . VOLUME 12, 

NUMBER 9, PAGES 1679-1683, 1991. In this case, six antisera were 
prepared and all were found to react with MGMT on Western blots . 
However, none of the antisera "showed any detectable interaction 
with the native protein either before or after affinity 
30 purification" which Pegg et al. describe as "quite surprising" 

since relatively hydrophilic sequences were used for the 
immunization. CARCINOGENESIS at 1674 and 1677. Pegg et al . 
describe the sum and substance of their work as follows : " [T] he 
development of sensitive and specific immunoassays that can be 
35 used to determine the occurrence and intracellular distribution 

of the alkyl transferase requires the development of more specific 
reagents. It is possible, but at present unproven, that this may 
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be accomplished by more extensive immunopurif ication of the 
present antibodies or by modifying the peptide sequences used for 
immunization." CARCINOGENESIS at 1677. 

The polyclonal antibody approach, in this case raised 
5 against recombinant human MGMT, is also described in an abstract 

published in March 1992 by S . M. LEE, J. RAFFERTY, C. Y. FAN, N. 
THATCHER, AND G, P, MARGISON, "REGIONAL AND CELLULAR 
HETEROGENEITY OF EXPRESSION OF O^ - ALKYLGUANINE -DNA 

ALKYLTRANSFERASE IN MELANOMA , PROCEEDINGS OF THE AMERICAN 

10 ASSOCIATION FOR CANCER RESEARCH . VOLUME 33, MARCH 1992, PAGE 547. 

The overall current state of the art was aptly summarized in 
a review article by Dr. Pegg which recently appeared in the 
FEDERATION OF AMERICAN SOCIETIES OF EXPERIMENTAL BIOLOGY JOURNAL . 
VOLUME 6, PAGES 2302-2310 at 2306: "It is apparent that much more 

15 work in this area is needed and that there is aix urgent need for 

a method for studying the distribution of alkyltrainsf erase on a 
cellular basis. This measurement is of miajor importance because 
of the role of the alkyl transferase in conferring resistance to 
chemotherapeutic agents ... .The obvious possibility in this regard 

20 is immunohistochemistry, but it remains to be demonstrated that 

antisera of sufficient specificity and affinity to measure the 
small amounts of alkyl transferase present in cells can be 
prepared . " 

It is to this challenge that the present invention is 
25 directed and as demonstrated below, the invention achieves the 

goal of providing monoclonal antibodies which have sufficient 
specificity and affinity to detect MGMT in single cell 
preparations . 
SUMMARY OF THE IITVEMTION 
30 In view of the foregoing state of the art, it is cin object 

of this invention to provide assays for MGMT. More particularly, 
it is an object of this invention to provide reagents, in 
particular, monoclonal antibodies for use in assays for MGMT. It 
is a specific object of the invention to provide assays for 
3 5 detecting MGMT in single cell preparations, as well as reagents 

for use in such assays. It is a further object of the invention 
to provide quantitative measures of the levels of MGMT in single 
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cell preparations. It is an additional object of the invention 
to provide immunoassays for MGMT and reagents for use in such 
assays . 

To achieve the foregoing and other objects, the invention in 
accordance with certain of its aspects provides monoclonal 
antibodies which have the ability to recognize MGKTT having 
transferase activity. In particular, the monoclonal antibodies 
are prepared by immunizing an animal with MGMT which has 
transferase activity, rather than with denatured MGMT or peptide 
fragments . As demonstrated by the examples presented below, by 
means of these monoclonal antibodies, the single cell assays 
which the art has been seeking for these many years are finally 
achieved. 

Although not wishing to be bound by any particular theory of 
operation, it is believed that prior workers in the art failed to 
produce the desired MOST reagents because they did not take into 
accoxmt the effects of the three dimensional structure of MGMT in 
determining the response of an animal's imntune system to this 
protein. That is, they followed the conventional wisdom which 
teaches that antibodies which recognize the native form of an 
antigen can be successfully raised using denatured antigen or 
synthetic peptide fragments as the immimogen. See A. M. 
CAMPBELL, MONOCLONAL AKTIBODY TECHNOLOGY: THE PROPPCTTON AND 
CHARACTERIZATION OF RODENT AND HUMAN HYBRIDOMA5 . ELSEVTER, NEW 
YORK, 1984, PAGES 88-89,- and J. W. CODING, MONOCLONAL ANTIBQDTES ■ 
PRINCIPLES AND P RACTICE . HARCOURT BRACE OTOVANOVICH, NEW YORK, 
1986, PAGES 28-31. 

In accordance with the invention, it has been recognized 
that the MGMT protein can exist in several structural 
conformations related to protein folding, each of which is 
antigenically distinct. This realization has come from various 
pieces of indirect evidence. First, the MGMT protein is labile 
and its activity is easily lost at moderate temperatures, but 
stabilized by the presence of DNA. This suggests that the native 
protein is easily unwound, but the active conformation can be 
stabilized by hydrogen binding of key residues to DNA. 
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Further, a significcint activity purification factor is 
achieved by hydrophobic chromatography using Affigei-Blue and 
elution with high- salt/1% TRITON X-100, indicating an exposed 
hydrophobic region in the active protein which might promote 
5 instability in aqueous suspension. Moreover, the StoJce's radius 

from gel filtration is anomalous compared to its molecular 
weight, suggesting a cigar- shaped compact folding of the active 
form. 

Additional evidence comes from the observation that 
10 antibodies raised against homologous MGMT primary amino acid 

sequences do not make useful histochemical reagents. Also, 
antibodies raised against the E . coli MGWTT do not cross -react 
with the human MGMT, despite the extensive homology in amino acid 
sequence arovind the active site, presumably because the folding 
15 of the homologous primary sequence is not the same. Further, 

antibodies prepared in accordance with the invention against the 
human MGMT were found to have greatly reduced affinity for the 
mouse MGMT, again despite significant primary amino acid sequence 
homoXogy . 

20 Along these same lines, the alkylated MGMT protein which 

results from DNA repair is quickly lost from cells, suggesting a 
conformational change which targets the protein for proteolytic 
digestion. MGMT thus appears to easily change its antigenic 
conformation as part of its biological function and as a 

25 consequence of its hydrophobic character. 

This indirect evidence has been interpreted in accordance 
with the invention as meaning that the three dimensional 
conformation of the MGMT used to immunize an animal plays a 
central role in determining the properties of the resulting 

3 0 antibodies . Thus , the antibodies of the invention are produced 

using MGMT having transferase activity, as opposed to denatured 
MGMT or MGMT polypeptide fragments . The active MOMTT has a three 
dimensional structure different from that of either the inactive 
form or the fragments and results in antibodies which are aJble to 

35 reliably and accurately recognize MGMT in, among other things, 

single cell preparations. Prior art antibodies, on the other 
hand, which were raised against polypeptides, which do not fold 
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in a way similar to the entire molecule, or against denatured 
protein, which again has a different shape, failed in the 
critical single- cell -preparation test. 

The breakthrough achieved by the invention is thus evident. 
5 By using MGMT having transferase activity as the immunogen, 

monoclonal antibodies are produced against a protein conformation 
which appears in both cell extracts and in single cell 
preparations. Accordingly, the antibodies of the invention 
provide for the first time a practical way to detect MGMT both by 

10 way of immunoassays and, most importantly, by single cell 

staining. As such, the invention allows for, among other things, 
better patient management, more effective chemotherapy, and 
improved understanding of the distribution and function of MGMT 
in normal and malignant cells. 

15 The accompstnying figures, which are incorporated in and 

constitute part of the specification, illustrate preferred 
embodiments of the invention, and together with the description, 
serve to explain the principles of the invention. It is to be 
xjnderstood, of course, that both the figures and the description 

20 are explanatory only and are not restrictive of the invention. 

BRIEF DESCRIPTION OF THE FIGDRES 

Figures 1-3 are digitized images of cellular preparations 
which have been immunohistochemically stained using the 
monoclonal antibodies to human MGMT of the present invention. 

25 Figure 4 is a graph illustrating the application of the 

monoclonal auitibodies of the invention to a sandwich ELISA assay 
for human MGMT. Optical density at 405 nm is plotted along the 
vertical axis; picograms of purified human recombinant MGMT 
(rHuMGtrr) are plotted along the upper horizontal axis (circle 

30 data points) ; and micrograms of cell extract for HT29 cells 

(triangular data points) and CEM cells (square data points) are 
plotted along the lower horizontal axis, 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As discussed above, the present invention relates to assays 

35 for MGMT. Although in most cases, e.g., in clinical 

applications, the MGHT of interest will be human MGMT, the 
invention can also be used to detect non- human MGMT in, for 
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example, research studies of the ftinction and distribution of 
this protein in different cells, organs, and tissues in both 
normal and diseased states . The invention can also be used in 
genetic engineering studies and experiments involving the MGMT 
5 protein. In addition, the invention can be used to study 

exogenous MGMT introduced into an organism by gene therapy or 
protein delivery. 

6 

As used herein, the term "O -methylguanine -DNA 
methyltransf erase" and the abbreviation "MGMT" are each intended 

10 to mean the family of homologous proteins, specific forms of 

which are found in most living organisms , which have the ability 
to transfer alkyl groups, e.g., methyl groups, from the 0-6 
position of guanine in alkylated DNA to a cysteine residue of 
their own polypeptide chain. Depending on the context, this term 

15 and abbreviation are also used to refer to individual members of 

the family. 

cDNA for human MGITT has been cloned and the DNA and amino 
acid sequences published in K. TANO, S, SHIOTA, J. COLLIER, R. 
S. FOOTS, AND S, MITRA, "ISOLATION AND STRUCTURAL 

20 CHARACTERIZATION OF A cDNA CLONE ENCODING THE HDMAN DNA REPAIR 

PROTEIN FOR O^ -AUOTLGUANINE" , PROC. NATL. ACAD. SCI. USA . VOLUME 
87, PAGES 686-690, 1990, the relevant portions of which are 
incorporated herein by reference. See also H. HAYAKAWA, G. 
KOIKE, AND M, SEKIGUCHI , "EXPRESSION AND CLONING OF COMPLEMENTARY 

25 DNA FOR A HUMAN ENZYME THAT REPAIRS O^ -METHYLGUANINE IN DNA, J. 

MOL. BIOL. , VOLUME 213, PAGES 739-747, 1991; B. RYDBERG, N, 
SPURR, AND P. KARRAN, "cDNA CLONING AND CHROMOSOMAL ASSIGNMENT OF 
THE HUMAN O^ -METHYLGUANINE -DNA METHYLTRANSFERASE , J. BIOL. 
CHEM. . VOLUME 265, PAGES 9563-9569, 1990,; and M. A. VON WRONSKI, 

30 S. SHIOTA, K, TANO, S, MITRA, D. D. BIGNER, AND T. P. BRENT, 

" STRUCTOTAL AND IMMUNOLOGICAL COMPARISON OF INDIGENOUS HUMAN 

6 

0 -METHYLGUANINE -DNA METHYLTRANSF ERASE WITH THAT ENCODED BY A 
CLONED CDNA", J. BIOL. CHEM. , VOLUME 266, PAGES 1064-1070, 1991, 
the relevant portions of which are also incorporated herein by 
35 reference. Using the cloned cDNA and conventional cell culturing 

techniques, substantial quantities of human MGMT can be readily 
obtained. Similar approaches can be used to obtain MGMT for 
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other organisms. In this regard, cloning of cDNA for mouse MGMT 
has been reported in S. Shiota, M. von Wronski , K. Tano, D. 
Bigner, T. Brent and S. Mitra . "CHARACTERIZATION OF cDNA 
ENCODING MOUSE DNA REPAIR PROTEIN 0 ^ -METHYLGUANINE -DNA 
5 METHYIiTRANSFERASE AND HIGH-LEVEL EXPRESSION OF THE WILD -TYPE AND 

MUTANT PROTEINS IN Escherichia coli. , " BIOCHEMISTRY 
31:1897-1903, 1992, and for rat MGMT in N. Sakmni , A. Shiraishi, 
H. Hayakawa and M. Sekiguchi . CLONING AND EXPRESSION OF cDNA FOR 
RAT O^ -METHYLGUANINE-DNA METHYLTRANSFERASE , " NOCLEIC ACIDS 

10 RESEARCH 19:559 7-5601, 1991, the relevant portions of which are 

incorporated herein by reference. See also B. RYDBERG, J. HALL, 
AND P. KARRAN, "ACTIVE SITE AMINO ACID SEQUENCE OF THE BOVINE 
-METHYLGUANINE-DNA METHYLTRANSFERASE " , NUCLEIC ACIDS RES . . 
VOLUME 18, PAGES 17-21, 1990, with regard to the bovine MGMT, the 

15 relevant portions of which are also incorporated herein by 

reference . 

Naturally occurring MGMT, as opposed to MiGMT produced by 
genetic engineering techniques, can be used to prepare the 
monoclonal antibodies of the invention. The genetic engineering 

20 approach, however, is clearly preferred in view of the low levels 

of this protein normally present in cells. 

Since the MGMT used to produce the monoclonal antibodies of 
the invention must have transferase activity, preparation of 
purified protein suitable for immunization of, for example, a 

25 mouse must be performed xonder conditions where the protein is not 

denatured, e.g., purification cannot be performed using 
polyacrylamide-SDS gels as in the prior art. The preferred 
purification procedure is that disclosed in Yarosh, PCT Patent 
Publication No, WO90/00598, published January 25, 1990, and 

3 0 Yarosh, U.S. Patent No. 5,077,211, issued December 31, 1991, the 

relevant portions of which are incorporated herein by reference* 

As described in detail therein, the purification process 
involves the basic steps of: 1) contacting an aqueous solution 
containing MGMT with a molecular sieve, 2) eluting the MGMT from 

35 the molecular sieve, 3) applying the eluted MGMT to a nucleic 

acid column, 4) washing the nucleic acid column, and 5) eluting 
the MGMT from the nucleic acid column. This process has been 
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found to produce homogenous MGMT (as determined by SDS 
polyacrylamide gel electrophoresis) which has transferase 
activity. Other purification techniques which produce active 
MGMT can be used, but the above technique is considered to be the 
5 most effective and practical way to obtain the purified protein. 

As used herein, the phrase "MGMT having transferase 
activity'* means MGMT which is able to transfer an alkyi group 
from the 0-6 position of guanine to itself. Various activity 
assays are Jmown in the literature, any of which can be used to 

10 make this determination. See, for example, Brent, Pharmac . 

Ther . , supra ; Ostrowski et al , Cancer Research . supra ; von 
Wronski et al . , Cancer Communications . supra . Fujio et al , , 
Care inocrene sis , supra ; Aida et al . , Carcinocrenesis , supra ; and 
Watatani et al.. Carcinogenesis . supra . Assays for this activity 

15 which may be developed in the future may also be used for this 

purpose . 

The monoclonal antibodies of the invention are preferably 
prepared using conventional hybridoma production eind antibody 
purification techniques. See, for exainple, KOHLER AND MI1*STEIN, 
^0 NATORE . VOLUME 256, PAGES 495-497, 1975, and Coding, supra , and 

Campbell, supra , the relevaoit portions of which are incorporated 
herein by reference. Screening of hybridoma clones is preferably 
performed using active MGOT. Clones which bind to the active 
protein are subcloned and again screened against the active 
25 material to select candidate hybridomas. The final selection of 

one or more preferred clones is made by employing the monoclonal 
antibodies produced by the candidate clones in the assay protocol 
or protocols which are to be performed, e.g., in an 
immunohistochemical staining protocol and/or an ELISA assay, and 
30 selecting those antibodies which perform the best. 

In terms of clinical practice, the cells to be assayed are 
obtained using standard biopsy techniques and can come from 
essentially any organ or tissue of the body. At present, assays 
for MGMT are especially important in the case of breast, colon, 
35 and brain tumors since the results of the assays can be used to 

select appropriate treatment protocols. As greater understanding 
of the function and distribution of MGMT in normal and diseased 
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cells is obtained through the use of the assays of the invention, 
further predictive applications of the invention will be 
developed. In terms of research applications of the invention, 
the cells to be assayed can again come from biopsies, but can 
5 also be obtained from tissue culture or other laboratory 

preparations . 

When immunohistochemical assays are performed using the 
monoclonal antibodies of the invention, the cells to be examined 
must be fixed to a solid support for microscopy. This may be 

10 accomplished by a variety of methods, including brief treatment 

with organic solvents such as methanol or acetone, or by 
treatment with 4% glutaraldehyde . Care must be taken not to 
alter the antigenic properties of the MGMT, and so strong 
cross linking agents such as formaldehyde should in general be 

15 avoided. In the use of the monoclonal antibodies described in 

the examples discussed below, fixation by ice-cold acetone for 
one or two minutes was found to be superior to fixation by a 
similar treatment with methanol alone . Methanol followed by 
acetone fixation produced results similar to acetone alone. 

20 MGMT is an intracellular protein and therefore methods must 

be used to permeabilize cells in order that the monoclonal 
antibody may traverse the outer membrane to bind to internal 
MGMT. Acetone fixation forms holes in membranes to some extent . 
Many detergents can be used to make membranes permeable, 

25 including 0.1% saponin, 25 mM octylglucopyranoside, and 0.1% 

NP-40 or TRITON X-100. While these treatments are approximately 
equivalent, inclusion of 0.1% TRITON X-100 has been found to be 
the best permeeUailizing agent for use with the monoclonal 
antibodies described below. 

3 0 Many incxibation procedures may be used to bind the 

monoclonal antibody to the MGMT in cells, and the particular 
procedure used will normally be chosen based on practical 
convenience. In general, incubation at room temperature requires 
only an hour, while incubation at refrigerated temperatures, 

35 e.g., 4*>C or 10<*C, requires overnight (e,g,, 18 hour) incubation. 

Higher temperatures, such as 37*^C, are normally not preferred. 
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The incubation is preferably carried out in a buffer having 
a pH of about 8 , since reduced antibody binding has been observed 
at pH 7,5 (see Table 2 and discussion below). When the readout 
is performed using a second antibody {see below) , the buffer 
5 should contain 10% serum derived from the species producing the 

second antibody to block non-specific binding sites. In the case 
of a fluorescent readout, the buffer should also contain a 
reducing agent to minimize background autof luorescence . In 
addition, the buffer preferably contains the permeabilxzing agent 
10 which allows the monoclonal antibody to enter the cells and bind 

to MGMT. 

In practice, a staining/buffer solution having the following 
composition has been found to give the most favorable results ; 
monoclonal antibody at 0.1 - 1.0 mg/ml in phosphate buffered 

15 saline, pH 8, with 0,1V TRITON X-100, 50 mM dithiothreitol and 

10% goat serum. This solution is applied as a 50 microliter drop 
to slides to which the cells have been fixed using ice-cold 
acetone, covered with a coverslip and incubated for 1 hour at 
room temperature . The cells are then washed and the monoclonal 

20 antibody solution reapplied and incubated at 4*^0 overnight. 

After washing unbound monoclonal antibody from the cells, 
the binding of the antibody to cellular MGKTT can be detected by a 
number of methods, including both direct detection of the 
antibody molecules and indirect detection. 

25 In the direct method, the monoclonal antibody is labeled 

with, for example, a radioactive tracer which can be detected by 
overlaying with a photographic emulsion, an imaging molecule 
which is either fluorescent or directly visible by high-powered 
microscopy (e.g. gold), or with an enzyme having an activity 

3 0 which can be detected . Binding of the MGMT i s then directly 

detected by assaying for the label . 

In the indirect method, a second molecule is used, such as 
an antibody from another species raised against the isotype of 
the monoclonal antibody, which contains one of the above laibels . 

3 5 Included in the indirect method is the use of binding systems 

such as the biotin- avidin system, in which the monoclonal 
antibody is modified with one member of the binding system, and 
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the indirect label is bound to the other member of the binding 
pair. In the indirect method, the second molecule (e.g. 
antibody, ligand, etc.) is applied to the monoclonal antibody 
bound to MGMT, and the amount of the second molecule which 
5 becomes bound to the monoclonal antibody is detected after 

suitable washing steps . 

Among the most common detection methods in current use is 
the indirect method employing goat anti -mouse antibodies linked 
to an enzyme such as peroxidase or alkaline phosphatase . The 
10 binding of these second antibodies is detected by the addition of 

a substrate which is converted to an insoluble, colored sxabstance 
by the enzyme and is deposited on the cells at the sites where 
mouse monoclonal antibody has become bound to the cells . The 
resulting pattern is then viewed by light microscopy. 
15 Another method and the one which is preferred for use in the 

present invention employs goat anti -mouse euatibodies linked to a 
fluorescent label, such as fluorescein isothiocyanate (FITC) . 
Binding of the monoclonal antibody is detected in this case by 
immunof lucre scent microscopy in which the san^le is excited by a 
20 wavelength of light absorbed by the fluorochrome and the san^le 

is examined through a barrier filter which only passes light 
emitted by fluorescence of the fluorochrome. The emitted photons 
of light are then recorded either by photographic or digital 
methods . 

25 In the practice of the invention, the fluorescent method is 

considered superior to the enzymatic method in that the 
fluorescent readout has a larger dynamic range so that small 
differences in the niamber of monoclonal antibody molecules bound 
to MGMT may be detected. The enzymatic reactions, on the other 

30 hand, are difficult to control so that the colored product is 

deposited in a relation linear to the amount of boiond antibody. 
Although not preferred, it is to be understood that enzymatic 
readouts can be used if desired. 

As described in the examples below, the best quantification 

35 of the binding of monoclonal antibody to MGMT has been achieved 

using goat anti -mouse antibodies linked to fluorescein isothio- 
cyanate (specifically, DTAF, a congener of FITC) with detection 
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of the fluorescence being performed by a digitizing Ccunera which 
converts incident photons to numbers. A computer file is then 
created which contains a record of the number of incident photons 
for each area of the image. Regions of interest within the 
5 image, e.g., images of whole cells, are then quantitated by 

computer software and comparisons are made with standards so that 
a conclusion can be drawn as to the level of MGMT in the sample . 
As demonstrated in the examples, this approach can readily and 
effectively distinguish between cells having widely different 
10 levels of MGMT. 

In addition to their application to single cell staining 
techniques, the monoclonal antibodies of the invention can also 
be used in immunoassays performed on cell extracts. A variety of 
assay formats now known or subsequently developed can be used in 
15 the practice of these aspects of the invention. A preferred 

format, as illustrated in the examples presented below, is the 
sandwich assay. Similarly, a variety of readout techniques now 
known or subsequently developed can be used in performing the 
ijrattunoassay . Examples include radioactive, enzyme, and 
20 fluorescent readouts. General discussions of immunoassay 

techniques Ccin be found in a variety of standard texts such as 
Coding supra , and Campbell, supra . the relevant portions of which 
are incorporated herein by reference . 

Without intending to limit it in any manner, the present 
25 invention will be more fully described by the following examples . 

EXAMPLE 1 
PURIFICATION OF ITOMAN MGMT 
FOR MONOCLONAI. ACTIBODY PREPARATION 
An extract of coll which express the httman MGWT gene was 
30 prepared by sonication of a 200 ml culture concentrated from 2 

liters of broth. The coli clone was obtained from the 

LaUooratory of Molecular Pharmacology, Division of Cancer 
Treatment, National Cancer Institute, Bethesda, Maryland. 

Purified human MGITT suitable for preparing monoclonal 
35 antibodies was obtained from the MGMT- containing extract 

following the purification procedures of U.S. Patent No. 
5,077,211, referred to above. Specifically, the debris was 
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removed by centrif ugation and the supernatant: containing protein 
at 40 mg/ml was applied to a 4.8 x 30 cm column of SEPHADEX G-75 
at 120 ml/hr with Buffer A {50 mM Tris, pH 8 , 50 mM NaCl, 1 mM 
beta-mercaptoethanol , 1 mM ethylenediaminetetraacetic acid) . The 
5 optical density at 280 nm of the eluent was monitored and the 

first peak of optical density was discarded. The second peak of 
150 ml at 4.5 mg/ml protein was collected and applied to a 100 ml 
single -stranded DNA: agarose radial flow column at 4 00 ml/hr. The 
column was washed with 4 00 ml of Buffer A and elated with a 

10 gradient composed of 100 ml of Buffer A and 10 0 ml of Buffer A 

containing IM NaCl . The optical density of the eluent was 
monitored at 280 nm, and 5 ml fractions were collected. The peak 
elated by the gradient, representing pure human MGMT, was 
collected in 67 ml at 0.7 mg/ml . 

15 The purified MGMT protein produced in this way was found to 

be homogenous as determined by sodium 

dodecylsulfate-polyacrylamide gel electrophoresis. 

EXAMPLE 2 

DETERMIHATIOH OF TRANSFERASE ACTIVITY OF HUMAN MGMT 

20 FOR MONOCLONAl, ANTIBODY PREPARATION 

The activity of the purified human MGMTT prepared in Example 

1 was assayed using a DKA substrate containing 
3 6 

H-0 -methylguanxne prepared by alkylating calf thymus DNA with 
^H-methylnitrosourea. The MGMT was mixed with substrate in 0.25 

25 ml Methyl transferase Buffer (70 mM Hepes, pH 7.1, l mM 

dithiothreitol , 1 mM ethylenediaminetetraacetic acid, 5% 
glycerol, 0.1 mg/ml bovine serum albumin) and incubated for 30 
minutes at 37*C. The reaction mixture was brought to 5V 
t ri chloroacet ic acid and heated at 8 0 **C for 3 0 minute s to 

30 depurinate the DNA and precipitate proteins. The precipitated 

proteins, including reacted MGOT", were collected on WHATMAN GF/C 
glass fiber filters , and washed with 5% trichloroacetic acid 
followed by ethanol . The radioactivity captured on the filters 
was measured by liquid scintillation counting. The activity of 

35 MGMT was calculated from the amount of radioactivity transferred 

from DNA to protein cuid captured on the filters, and the specific 
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activity of the H~methyinitrosourea used to prepare the 
substrate . 

Using the foregoing activity assay, the purified hioman MGOT 

prepared in accordajice with Exainple 1 was found to have an 

. . 3 
5 activity greater th m 200 pmol of H- methyl groups transferred 

per mg of purified MGMT protein . 

EXAMPLE 3 

PREPARATION OF MONOCLONAL ANTIBODIES TO HUMAN MGMT 
Two Balb/c female mice 6 weeks old were injected in the 

10 flank with 35 micrograms of purified human MGMT, prepared in 

accordance with Example 1 and tested for activity in accordance 
with Example 2, which were mixed with Freund' s complete adjuvant. 
After 14, 21, and 28 days the mice were boosted i.p. with 35 
micrograms of the purified MGMT mixed with Freund' s incomplete 

15 adjuvant. After 41 days the mice were boosted i.p. with 35 

micrograms purified MGMT without adjuvant. 

After 45 days the spleens of both mice were removed, and a 
mixed cell suspension was prepared and fused with FO myeloma 
cells (ATCC Accession No. CRL 1646) using 50% low molecular 

20 weight PEG in a standard fusion protocol. Hybrxdomas were 

selected in HAT media, and primary clones were screened by both 
ELISA using the native protein and Western blot using the 
denatured protein. Positive hybridomas were siibcloned and 
screened again by both ELISA and Western blot. 

25 Eight stibclones were selected and designated FF2.1 - FF2 . 17 . 

The ceils were cultured and purified monoclonal antibody was 
obtained as follows. The hybridoma line was grown to 80-90% 
confluence in RPMI-1640 media with 15% fetal calf searm, 
collected by centrifugation and resuspended in RPMI-1640 media 

30 without senam but containing ITS supplement (insulin, transferrin 

and selenium) . After 24 hours additional media was added to 
adjust the cell number to 500,000 per ml. The culture was 
incubated for 14 to 21 days until the cell viability, as 
determined by trypan blue dye exclusion, was 40%. The cells were 

35 removed by centrifugation and the monoclonal antibody was 

precipitated by chilling on ice and addition of an equal volume 
of water saturated with ammonium sulfate . The precipitated 
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proteins were collected by centrif ugation, resuspended in and 
dialyzed against 2 0 nM Tris pH 7.2. The solution was applied to a 
column of DEAE-Affigel Blue and washed with the Tris buffer. The 
bound monoclonal antibodies were then eluted with the same buffer 
5 containing 100 mM NaCl . The eluted antibody was collected and 

dialyzed against PBS overnight, aliquoted, and stored at -70'='C- 

The monoclonal antibodies were tested in various formats emd 
the results of this testing are presented in Table 1 where the 
following eibbreviations are used: = monoclonal antibody; + = 

10 strong response; ± ™ weak or variable response; - = no response; 

NT = not tested; ELISA - enzyme- linked immunoassay in which MGOT 
is bound to the wells of a microliter plate and antibody is added 
to the wells thereafter; SAND ELISA = sandwich ELISA using 
polyclonal rabbit anti-MGMT antibodies (see Example 7 below) ; 
15 MEMTEST = MGMT covalently linked to a MEMTEST membrane and tested 

in a dot -blot format; WEST BIiOT = Western blot of denatured MGMT; 
Nat = native (active) human MGtfT; Denat - denatured hximan MGMT 
obtained by boiling native human MGKTT in 1% SDS; and Form =s 
formalin fixed human MGMT obtained by inciibating native human 
20 MGMT at 37*0 for 60 min in 4% formaldehyde. As shown in this 

table, monoclonal antibodies which reacted against native MGMT 
generally faired poorly against denatured MGMT. 

The screening of hybridomas from the FF panel described in 
Table 1 resulted in narrowing the candidates to FF2.4, FF2.10 and 
25 FF2.16. These antibodies were tested on three sets of Mer^ (MGKT 

positive) and Mer (MGMT negative) cell lines matched by tissue 
type. Only FF2.16 consistently showed a significant difference 
in binding between the Mer^ and Mer cells, as determined by 
computerized image analysis of fluorescent stained slides (see 
30 Example 4 below) . 

Other monoclonal antibodies were prepared using a 
combination of purified human MGKCT and synthesized polypeptides 
corresponding to the 10 amino -terminal and 10 carboxy- terminal 
amino acids of human MGMT. These latter materials were included 
35 for the purpose of obtaining clones against the peptides. 

Subsequent work showed that sertjm produced by immxjinization with 
just the peptides would not recognize native MGOT, so that in 
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terms of producing antibodies to the complete protein only the 
purified human MGOT functioned as an effective iirammogen in these 
experiments . 

The immunization protocol followed in this case was as 
5 follows. A Balb/c female mouse 6 weeks old was injected in the 

flank with 18 micrograms of human MGMT purified as in Example 1 
and tested for activity in accordance with Example 2, which was 
mixed with Fre\ind' s complete adjuvant. After 14 days the mouse 
was boosted with 50 micrograms of each polypeptide. After 28 and 
10 39 days the mouse was boosted i.p. with 25 micrograms of purified 

human MGOT mixed with 50 micrograms of each of the polypeptides 
in Freund's incomplete adjuvant. After 88 days the mouse was 
boosted with 50 micrograms of purified htiman MGMT i.p. without 
adjuvant, and on the 92nd day the spleen was removed. 
15 A suspension was prepared and the spleen cells were fused to 

FO myeloma cells using 50% low molecular weight PEG in a standard 
fusion protocol. Hybridomas were selected using HAT media, and 
primary clones were screened by ELISA using the same purified 
human MGMT as in the immunization. Positive hybridomas were 
20 subcloned and again screened both by ELISA and Western blot using 

the purified hiiman MGMT. Culturing of the selected hybridomas 
and purification of the monoclonal antibodies was performed as 
described above for the FF panel. 

Two monoclonal antibodies, designated DF4,2 and DFX3.1, were 
25 identified by these experiments. These antibodies showed strong 

affinity in the ELISA assay using native MGMT but little reaction 
in the Western blot. Their binding to MGMT immobilized on 
membranes was also found to be greatly diminished by denaturing 
or formalin fixation of the protein. Had only Western blotting 
3 0 or screening of formal in -fixed tissue been used, these two 

monoclonal antibodies would not have been detected. 

Properties of the DF4.2 and DF13.1 monoclonal antibodies are 
set forth in Table 2 where the affinity of each monoclonal 
antibody for the antigen was determined by ELISA from the 

35 slope of the linear portion of the curve of ^^^q^ versus 

micrograms of antibody. In constructing this table, the affinity 
of each antibody at pH 8 against rHuMGMT (recombinant human MGOT) 
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was set at 1.00 and the slopes under other conditions were 
compared to the slope under these conditions . The third column 
of the table compares the affinities of the two antibodies under 
the various conditions . 
5 As shown in Table 2 , the DF13 . 1 antibody has a lower 

affinity than the DF4,2 antibody. On the other hand, the DF13 . 1 
antibody has been found to have broader specificity than the 
DF4.2 antibody and thus is particularly useful in iimnunoassay 
applications, although the DF4 . 2 antibody can also be used in 

10 this application. Both of these monoclonal ajitibodies are 

considered suitable for use in iromunohistochemical assays, with 
the DF13.1 antibody being somewhat more preferred. As between 
these antibodies and the FF2.16 antibody, the DF13 . 1 antibody is 
considered the preferred choice . 

15 A deposit of the hybridoma which produces the DF13,1 

antibody (hybridoma cell line DF13.1) has been made with the 
American Type Culture Collection, Rockville, Maryland, and has 
been assigned accession number HB 11046, It is to be understood 
that variants of hybridoma cell line DF13.1, produced 

20 intentionally or spontaneously, e,g., mutants, which continue to 

produce monoclonal antibody to MGMT having transferase activity, 
comprise part of the invention and can be used in the various 
assays described herein. 

EXAMPLE 4 

25 QUANTITATION OF HOMAN MGMTT IN IiIVER CELLS USING 

MONOCLONAL ANTIBODIES DF13.1 AND FF2.16 
Frozen human liver sections on glass slides were fixed with 
0.2% glutaraldehyde for XO minutes at room tenqperature , and 
hydrated with phosphate buffered saline (PBS) for 5 minutes. The 
30 slides were incubated in 0.025% Trypsin/PBS/0 . 5% Tween for 40 

minutes at 37<*C, and blocked with PBS/0.5% Tween/10% goat ser\im 
for 30 minutes. After washing with PBS, the slides were 
incubated with monoclonal antibody DF13.1 or FF2,16 at 1 mg/ml, 
or no antibody, in PBS/0.05% Tween/10% goat serum for 60 minutes 
35 at 25*>C, washed, and the antibody was then reapplied for 

incubation overnight at 4**C. 
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After the overnight incubation, the slides were washed with 
PBS/0.05%' Tween, inctibated with the second antibody (goat 
anti -mouse linked to DTAF) in PBS/O.5% Tween/10% human servim for 
60 minutes at 25**C. After washing with PBS and clH^*^' slides 
5 were mounted with VECTASHIELD (Vector Laboratories, Burlingame, 

CA) , and stored at -20<>C. 

Five slides containing beads with either 1.8 x 10^, 4.3 x 

5 5 4 

10 , 1 . 8 X 10 , 6.2 X 10 , or no FITC molecules per bead {Flow 

Cytometry Standards Corporation, North Carolina, USA) were used 

10 as standards. This range of bead fluorescence matches that 

usually encountered in cell samples. 

The immunofluorescence of the standards and the cells was 

viewed using a NIKON B2-A filter set with an IR-cut filter. The 

images were digitized at 600X magnification using a Photometries 

15 STAR I CCD camera connected to the cameraport of a KIKON Diaphot 

phase -contrast microscope in combination with image capture 

software (Photometries, Tucson, AZ) . The optimum grey value 

range was set through automatic windowing (DISPLAY /AUTO) by 

examining the bead standards with the lowest (minimum) and 

2 0 highest (maximum) concentration of FITC molecules. This matches 

the most appropriate portion the 4096 -step dynamic range of the 
CCD camera to the 255 grey- scale range of the image file, 
allowing a linear camera response over the range likely to be 
found in cell and tissue samples . The minimum and maximum for 
25 the beads were found to be 100 and 300, respectively. Automatic 

windowing was disengaged (DISPLAY /AUTO) and the windows were set 
(DISPLAY/WINDOW) at 100/300 and kept constant throughout the 
analysis , 

At least two different ten second exposures were taken for 

3 0 the beads and each slide (CAMERA/ EXPOSE) , and the images stored 

as .TIF files (ARCHIVES /TIFF SAVE) on a 1.4 Megabyte 3.5" disc 
using an IBM- clone 386 PC, 

The TIFF (tagged -image format files) images were retrieved 
using the computer image analysis program OPTIMUS (Bioscan, 
35 Seattle, WA) (FILE/OPEN) . Using the "area icon" feature of this 

program, regions of interest (ROIs) were identified. The first 
ROI consisted of either a single cell or multiple cells . A 
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second ROI was designated and consisted of a selected portion of 
the background. The integrated gray value and the area was 
obtained for each ROI . 

In order to calculate an integrated grey value per cell, the 
5 intensity of the background per unit area was determined and 

subtracted from each unit area of the cell - containing ROI . A 
"net value" was also determined by subtracting the integrated 
grey value per cell for the "no antibody" control from the 
integrated grey values per cell obtained for the test monoclonal 
10 antibodies. Finally, "FITC Equivalent" values were determined by 

fitting a regression line to the bead standards and using the 
slope of that line to convert net values to FITC equivalent 
values . 

The results are shown in Table 3 where the regression line 

-4 

15 obtained for the bead standards had a slope of 4.5 x 10 FITC 

2 

molecules per grey value (r value (fxt) = 0.997) . As 
demonstrated by these results, the monoclonal antibodies of the 
invention, i.e., antibodies produced using human MGMT having 
transferase activity, successfully provide quantitative measures 
20 of the levels of human MGJfT in single cell preparations, 

EXAMPLE 5 

OUAirriTATION OF HDMAN MGMT IN MER*^ AND MER" CEIiI.5 
USING MONOCLONAI* ANTIBODY DF4.2 
Human tumor cells with either the Mer phenotype (containing 

25 MGMT) or the Mer phenotype (deficient in MGtrr) were grown on 

tissue culture slides , and fixed with methanol for 10 minutes 
followed by ice-cold acetone for 2 minutes. Following hydration 
with phosphate buffered saline (PBS) for 5 minutes, the slides 
were treated with 0.025% trypsin in PBS/0.1% saponin for 40 

30 minutes at 37**C, and blocked with PBS/0,1% saponin/10% goat serum 

for 30 minutes. After washing with PBS, the slides were 
incubated with 100 micrograms /ml of the monoclonal antibody 
DF4.2, or no antibody (control) for 60 minutes at 25''C, washed, 
and incubated with the same antibody overnight at 4*>c. 

35 The slides were then washed with PBS, inciabated with the 

second antibody (goat ant i -mouse linked to the fluorescent label 
DTAF) in PBS/0.1% saponin/10% human serum for 60 minutes at 25*'C. 
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After washing with PBS and dH^O, the slides were mounted with 
VECTASHIELD and stored at -20*^0. Image analysis was performed as 
described in Example 4 . 

The results are shown in Table 4. As shown therein, the 
5 DF4.2 monoclonal antibody; prepared using human MGKT having 

transferase activity, was a±5le to reliably distinguish the Mer"*" 
phenotype from the Mer phenotype in a variety of cell types. 
Moreover, qucintitative measures of the MGMT levels in these cells 
were readily obtained using the assay techniques of the 
10 invention. 

EXAMPLE 6 
IMMDNOHISTOCHEMICAL ASSAYS 
USING MONOCLONAL ANTIBODIES DF4 . 2 , DF13.1 AND FF2.16 
Using the staining and recording techniques described in 
15 Exanple 4, digitized images of human MGMT levels within various 

cells were obtained using monoclonal antibodies DF4.2, DF13.1» 
and FF2.16. 

The results are shown in Figures 1-3 and the cell types and 
monoclonal antibodies used in preparing these figures are 
20 summarized in Teible 5. 

The HT29 cells used in Figure 1 are Mer^ colon 
adenocarcinoma cells containing hvunan MGMT and as shown in panels 
A, B, and C of this figure, each of monoclonal antibodies DF4.2, 
DF13.1, and FF2.1S stained these cells, with the FF2.16 and 
25 DF13.1 antibodies producing images having the highest contrast. 

BE cells, on the other hand, are Mer colon carcinoma cells 
lacking human MGMT and thus as shown in Figure ID, monoclonal 
antibody DF13.1 does not stain this cell type. Similar results 
(not shown) are obtained with the DF4.2 and FF2.16 antibodies 
30 when applied to BE cells. 

Figure 2 illustrates use of the invention to distinguish 
between diseased and non-diseased states. Figure 2A shows cells 
from a normal human breast where the level of MGMT is relatively 
low. Figure 2B shows the results for cells taken from a patient 
35 having fibrocystic disease which is considered benign. The MOflT 

levels are somewhat higher, but not as high as in Figures 2C and 
2D. 
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Figure 2C shows cells obtained from a patient suffering from 
fibroadenoma, a precursor to breast carcinoma which is considered 
malignant. Plainly, the MGOT levels are much higher in this 
figure. Finally, Figure 2D shows typical cells from a malignant 
5 breast carcinoma. As these figures make clear, the levels of 

MGMT rise significantly as a patient moves from a non- diseased 
state (Figure 2A) through to a full malignant state (Figure 2D) 
and the assay of the invention can be readily used to follow the 
progression . 

10 Figure 3 shows a comparison between the monoclonal 

antibodies of the invention, specifically, antibodies DF4.2, 
DF13.1, and FF2.16, and monoclonal antibody G1204 which 
recognizes an outer protein of Neisseria cronorrhoeae . The cells 
used in these experiments were hviman liver cells which are of the 

15 Mer"*" phenotype . These cells do not contain the Neisseria 

gonorrhoeae outer protein and thus antibody G1204 serves as a 
negative control. As shown in this figure, the antibodies of the 
invention strongly stain the liver cells while the G1204 antibody 
does not. 

20 EXAMPLE 7 

IMMnNOASSAYS USING MDNOCLONAL ANTIBODY DF13.1 
A sandwich ELISA assay was performed using a polyclonal 
antibody to hiiman MGOT (^-^j^ 90-1314) and monoclonal antibody 
DF13.1. 

25 The polyclonal antibody was prepared as follows. Two New 

Zealand white rabbits were each inoculated in the flank with 180 
micrograms of purified human MGMT prepared in accordance with 
Example 1 which were mixed with Freund's complete adjuvant. 
After 14 days, the raibbits were boosted with 180 micrograms of 

30 purified human MGMT in incoirqplete Freund's adjuvant. After 56 

and 63 days, the rabbits were boosted with 200 micrograms of 
purified human MGMT mixed with 200 micrograms of a 50/50 mixture 
of the polypeptides used in the preparation of the DP panel of 
monoclonal antibodies. After 78 days the rabbits were 

3 5 exanguinated and the IgG fraction purified from the pooled serum 

to obtain the desired polyclonal antibody (P 90-1314) . 
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For the sandwich ELISA, 90-1314 in 50 mM sodium acetate, 

pH 5, was oxidized with 10 mM NalO^ for 30 minutes, and then 
one -tenth volume ethylene glycol was added and the antibody 
dialyzed overnight against the same buffer. The antibody was 
5 uniformly oriented onto an SLISA plate coated with hydrazine at 

50 micrograms per well overnight at 4^0, and the plate blocked 
with 1% bovine serxim albumin in PBS . 

Human MGMT, either as purified native protein obtained using 
the procedures of Example 1 or in cell extracts, was added to the 

10 plate. HT29 cells, a colon adenocarcinoma line, and CEM cells, a 

T-cell leukemia line, were used to prepare the cell extracts. 
The cells were grown in culture, extracts were prepared, and 
parallel transferase activity and sandwich ELISA assays were 
performed on the extracts . 

15 The sandwich ELISA assay was performed by incubating the 

MGMT or cell extract with the polyclonal ctntibody for 60 minutes 
at room temperature and then washing unbound antigen from the 
plate, DF13.1 was then added, incubated for 60 minutes at room 
ten^erature and then washed from the plate. Goat anti -mouse IgG 

20 antibodies linked to alkaline phosphatase were added, incubated 

for 30 minutes, and then washed from the plate. The plates were 
developed with 1 mg/ral p-nitrophenylphosphate , and read by an 
ELISA plate reader at 405 nm. The activity assay was performed 
as in Example 2 . 

25 Figure 4 shows the linear relationships between O^^^q^ 

MGiCr levels which were obtained with this assay both for the 
purified MGMT and the cell extracts . Table 6 shows the 
excellent correlation between the activity assay results and the 
sandwich ELISA results. This example thus demonstrates that the 

3 0 monoclonal antibodies of the invention can be successfully used 

to perform conventional immunoassays for human MGMT. 

Although specific embodiments of the invention have been 
described and illustrated, it is to be understood that 
modifications can be made without departing from the invention' s 

35 spirit and scope. For example, in addition to their use in 

assays for MGMT, the monoclonal antibodies of the invention can 
also be used in various MGMT purification systems, e.g., to 
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prepare an antibody affinity column for MGMT. A variety of other 
modifications which do not depart from the scope and spirit of 
the invention will be evident to persons of ordinary skill in the 
art from the disclosure herein. The following claims are 
5 intended to cover the specific embodiments set forth herein as 

well as such modifications, variations, and equivalents. 
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TABLE 1 



RELATIVE ANTIBODY AFFINITY FOR 
HUMAN MGMT IN VARIOUS SCREENING FORMATS 



ELISA SAND ELISA MEITTEST WEST 

Nat Denat: Form Nat Denat: Nat Denat Form BLOT 



FF2.1 - - ± NT NT - - - ± 

FF2 .4±- + - - ± - - + 

FF2.8 - - ± - - NT NT - ± 

FF2.10 ± - - ± + ± - - ± 

FF2.13 ± - - ± OT - - - ± 

FF2.15 ± - - ± NT . - - ± 

FF2.16 ± - - - NT ± ± - + 

FF2.17 ± ---NT---NT 



RWRr>or:tn- 
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TABLE 2 

RELATIVE MONOCLONAL ANTIBODY AFFINITY BY ELISA 
Monoclonal Antibody 

DF13 .1 

Antigen DF4 . 2 DF13 . 1 DF4 . 2 

rHuMG^^r l.OO l.OO 0.17 

rMuMGOT (mouse) * 0 . 19 0 . 17 0.67 

pH 6.5 1.14 1.19 0-13 

pH 7.0 1.09 1.34 0.15 

pH 7.5 0.59 0.06 0.01 

formal in -rHuMGiyrr 0.46 0.61 0.23 

methylated- rHxiMGDfT 1.29 0.72 0.13 



Slope of ng rMuMGMT v. CD compared at fixed 
concentration . 
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TABLE 3 

QUANTITATION OF HUMAN MGMT IN LIVER CELLS 



Integrated Grey FITC 
Sample Value per Cell Net Value Ecruivalent 



Bead Standards (FITC molecules /bead) ; 



1-8 X 10^ 796.2 795 .1 

4.3 X 10^ 142.8 141.7 

1.8 X 10^ 51.1 50.0 

6.2 X 10^ 11.9 10.8 



1.1 



Monoclonal Antibodies: 



DF13.1 
FF2.16 
NONE 



1061.7 
994.5 
907.7 



154.0 



3 .4 X 10' 



86.0 



1.9 X 10' 
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TABLE 4 



M BINDING TO MER AND MER PHENOTYPE 
HUMAN TOHOR CELLS 



Cell 
Line 



Mer 
Phenotvpe 



Colon carcinoma lines: 
HT29 + 



Net Integrated 
Grey Value per Cell 



11.24 



FITC 

Ecaiivalent 



24,978 



BE 



3 .75 



8,333 



Brain tumor lines : 
T98 ^ 
A1235 



4 .48 
0 



9,955 
0 



Lung cancer lines: 
A549 + 
A427 



8.88 
0.75 



19,733 
1,667 
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TABLE 5 



Figure Sample 



lA HT29 cells FF2.16 

IB HT29 cells DF4,2 

IC HT29 cells DF13 . 1 

ID BE DFX3.1 

2A Normal Breast DF4.2 

2B Fibrocystic disease DF4,2 

2C Fibroadenoma DF4.2 

2D Carcinoma DF4 . 2 

3A Hximan Liver Cells DF4.2 

3B Human Liver Cells FF2.16 

3C Human Liver Cells DP13.1 

3D Human Liver Cells G1204 
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COMPARISON BETWEEN MGOT ACTIVITY 
ASSAY AND SANDWICH ELISA 

Cell Line Activity Assay Sandwich ELISA 

HT29 91.7 ± 18.0 (N=8) 92.2 ± 22.1 (N=13) 

CEM 129.2 ± 34,3 (N=6) 154.3 ± 51.6 (N=9) 
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What is claimed is : 

1. An assay for detecting -methylguanine-DNA methyl - 
transferase (MGOT) in cells comprising: 

(a) fixing and permeahilizing the cells; 

(b) exposing the fixed and permeabilized cells to a 
monoclonal antibody for MGJTT under conditions where the 
monoclonal antibody can bind to MGMT present in the cells to form 
antibody- antigen complexes, said monoclonal antibody being 
prepared using MGMT having transferase activity; and 

(c) detecting ctntibody- antigen complexes in the fixed and 
permeabilized cells, 

2 . The assay of Claim i wherein the MGMT having 
transferase activity is prepared by contacting an aqueous 
solution of MGMT having transferase activity with a molecular 
sieve, eluting the MGMT from the molecular sieve, applying the 
e luted MGMT to a nucleic acid column, washing the nucleic acid 
column, and eluting the MGMT from the nucleic acid column, 

3. The assay of Claim 1 wherein the antibody- antigen 
complexes are detected f luorescently . 

4 . The assay of Claim 3 wherein a digitized image of the 
fluorescence df the fixed and permeabilized cells is obtained, 

5 . The assay of Claim 4 wherein a numerical value 
indicative of the number of antibody- antigen complexes present in 
the fixed and permeabilized cells is obtained from the digitized 
image . 

6 . The assay of Claim 1 wherein the cells are human cells . 

7 . The assay of Claim 6 wherein the monoclonal antibody 
binds to hiainan MGIffT, 

8 . The assay of Claim 1 wherein the monoclonal euxtibody is 
produced by hybridoma cell line DF13 . 1 having deposit accession 
number ATCC HB-11046. 

9. An assay for detecting O^- methyl guanine -DMA methyl - 
transferase (MGMT) in cells comprising: 

(a) preparing an extract of the cells; and 

(b) performing an immunoassay on the extract using a 
monoclonal antibody to MGMT, said monoclonal antibody being 
prepared using MGMT having transferase activity. 
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10. The assay of Claim 9 wherein the immtinoassay is an 
ELISA assay. 

11. The assay of Claim 9 wherein the MGMT having 
transferase activity is prepared by contacting an aqueous 
solution of MGMT having transferase activity with a molecular 
sieve, elating the MGMT from the molecular sieve, applying the 
eluted MGMT to a nucleic acid column, washing the nucleic acid 
colvunn, and eluting the MGMT from the nucleic acid column. 

12. The assay of Claim 9 wherein the cells are human cells. 

13 . The assay of Claim 12 wherein the monoclonal antibody 
binds to human MGMT. 

14 . The assay of Claim 9 wherein the monoclonal antibody is 
produced by hybridoma cell line DF13 . 1 having deposit accession 
nxomber ATCC HB-11046. 

15. A method for preparing a monoclonal antibody to 
O^- me thy 1 guanine -DNA methyltransf erase (MGHT) coiqprising: 

<a) imrminizing an animal with MGMT having transferase 
activity; 

(b) harvesting antibody -producing cells from the imimxnized 
animal ; 

(c) fusing the harvested cells with immortal cells to 
produce hybridomas; 

(d) selecting from the hybridomas produced in step (c) , a 
hybridoma which produces a monoclonal antibody to MGMT having 
transferase activity; 

(e) culturing the selected hybridoma under conditions 
wherein the hybridoma produces the monoclonal antibody; and 

(f) collecting the monoclonal antibody produced by the 
cultured hybridoma, 

16. The method of Claim 15 wherein the MGMT having 
transferase activity is prepared by contacting an aqueous 
solution of MGOT having transferase activity with a molecular 
sieve, eluting the MGMT from the molecular sieve, applying the 
eluted MGICT to a nucleic acid column, washing the nucleic acid 
column, and eluting the MGMT from the nucleic acid coliamn. 

17. The method of Claim 15 wherein the MGMT is human MGMT. 
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18. A monoclonal antibody produced by the method of Claim 

15 . 

19. A monoclonal antibody produced by the method of Claim 

17 . 

20 . A monoclonal antibody which can bind to 
0^-methylguanine-DNA methyl transferase (MGMT) having transferase 
activity. 

21. The monoclonal antibody of Claim 20 wherein the MGOT is 
human MGMT. 

22 . The monoclonal antibody produced by hybridoma cell line 
DF13.1 having deposit accession number ATCC HB- 11046. 

23 . A method for preparing a hybridoma which produces a 
monoclonal antibody to O -methylguanine -DNA methyl transferase 
(MGMT) comprising : 

(a) immunizing an animal with MGMT having transferase 
activity; 

(b) harvesting antibody -producing cells from the immunized 
animal ; 

(c) fusing the harvested cells with immortal cells to 
produce hybridomas; 

(d) selecting from the hybridomas produced in step (c) , a 
hybridoma which produces a monoclonal antibody to MGMT having 
transferase activity; amd 

(e) propagating the hybridoma selected in step (d) . 

24 . The method of Claim 23 wherein the MGMT having 
transferase activity is prepared by contacting an aqueous 
solution of MGtffT having trcinsferase activity with a molecular 
sieve, eluting the MGMT from the molecular sieve, applying the 
e luted MGMT to a nucleic acid column, washing the nucleic acid 
column, and eluting the MGMT from the nucleic acid column. 

25. The method of Claim 23 wherein the MGMT is human MGMT. 

26. A hybridoma produced by the method of Claim 23. 

27. A hybridoma produced by the method of Claim 2S. 

28. Hybridoma cell line DF13.1 having deposit accession 
number ATCC HB-11046. 
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23, A variant of the hybridoma cell line of Claim 28, said 
variant producing an antibody which is capable of binding to 
O^-methylguanine-DNA transferase having transferase activity. 
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FIG. 1A FIG. 1B 




FIG. 10 FIG. 1D 
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FIG. 3A 




FIG. 30 FIG. 5D 
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